We experimentally study the polarization dynamics (orientation and ellipticity) of near infrared light transmitted through magnetooptic Yttrium Iron Garnet isolator crystal pairs using a modified balanced detection scheme. When the pair separation is in the sub-millimeter range, we observed a proximity effect in which the saturation field is reduced by up to 20%. Calculations using a 1D model suggest that the proximity effect originates from magnetostatic interactions between the dipole moments of the isolator crystals.
Optical isolators are important polarization components which are controlled by static external magnetic fields. They induce nonreciprocal polarization phase shifts originating from the so-called magneto-optical (MO) Faraday rotation [1] . The unidirectional nonreciprocal polarization control is crucial for the reduction of reflection-related instabilities in active electro-optical devices [1] [2] [3] [4] [5] [6] . A fully functional isolator consists of a magnetically active isolator crystal situated between two crossed polarizers. In particular, the crystal is used to rotate a linearly polarized input beam at an angle 45 Ο ± at the wavelength of operation, in the presence of an external magnetic field ext H ± . Ferrimagnetic iron garnets are popular materials to serve as isolators in the visible and near infrared, as they possess large induced magnetizations, leading to the highest known Faraday rotations in the spectral range used for today's optical telecommunication systems [7] . Specifically, in an Yttrium Iron Garnet (YIG, 3 5 12 Y Fe O ) crystal subject to an external magnetic field, the latent Faraday rotation angle per unit thickness, at the principal telecom wavelength (1.55 m µ ), is typically ~0.016 Ο /µm at saturation, when the light propagates along the crystal's easy axis of magnetization, i.e.[001] (see [7, 8] ). As a result, a YIG crystal operating in the telecom spectral region typically requires a length of a few millimeters to be effective as an optical isolator. When propagation of light is considered through such thick MO samples, the (usually) desirable circular birefringence is accompanied by substantial magnetically-induced circular dichroism [8] , introducing an ellipticity ("smearing") ε of the polarization state [9] .
While the optical response of MO single crystals has been thoroughly characterized in past studies [2] [3] [4] [5] [6] [7] [8] , the polarization dynamics associated to the combination of several separate MO components, located in close proximity and subject to a uniform magnetic field, has not been addressed before. Such a study, however, is important in view of recent potential applications involving the integration of several optoelectronic devices on the same chip [2] [3] [4] [5] [6] 10] . In such devices the overall response of a set of magneto-optical components, which also happens to be influenced by the magnetostatic proximity effects [11] , plays a significant role, and can lead to surprising behaviors. Here we report our study of the polarization dynamics (in terms of orientation and ellipticity of the polarization state) as a function of an external DC magnetic field. In particular, we evaluated the behavior of light transmitted through YIG isolator crystal pairs placed in series, by using a modified balanced detection scheme. Surprisengly, we observed a magnetostatic proximity effect [11] , in which the field of saturation is reduced significantly, i.e., by up to 20%, for small (sub-millimeter) crystal separations.
Experimental results are shown in Fig. 1 below. Let us consider first the polarization dynamics for the case of a single crystal geometry as a function of the magnetic field (α and ε -the orientation and ellipticity parameters, respectively, are shown in Figs. 1(a),(b) ). In this case the polarization is always in the first quadrant of the s-p plane. JTuD104.pdf 978-1-55752-869-8/09/$25.00 ©2009 IEEE [7, 8] . The orientation and ellipticity both saturate in a magnetic field of ±820 G at the values of ~±45 Ο and 8 Ο , respectively. Turning to the double-crystal geometry [ Fig. 1(c) ], with a 1 mm separation between the crystals, the polarization dynamics are shown in Figs. 2(c),(d) . Above half the saturation field, the output polarization is in the second or fourth quadrant, and the corresponding equation should be used in transformation to the polarization parameters. The slopes of the ( ) H α and ( ) H ε curves far below the field of saturation are approximately twice than those obtained in the single crystal case, implying that the Verdet and the dichroism coefficients, normalized by the total thickness, are equal in both of the cases. The orientation and ellipticity again saturate at ±820 G, and their values are ~±90 Ο and 15 Ο , respectively.
However, when the distance between the crystals is reduced, we observed a strong dependence of the saturation field for both the orientation and ellipticity angles as a function of the crystal separation. Figure 2(a) shows the dynamics for distant (squares) and adjacent (circles) crystal pair settings. While the saturation field is ±820 G when the two crystals are set apart, similar to the single crystal case, in adjacent crystal settings the saturation field is reduced to ±650 G, namely to 80% of the initial value. A detailed characterization of the saturation field as a function of the pair facet-to-facet separation [ Fig. 3(b) ] reveals that the proximity effect decays on a sub-millimeter separation scale. As both the Faraday rotation and magnetic circular dichroism are proportional to the total magnetization, this exponential dependence of the decay of the saturation field on the distance between the two crystals suggests that the proximity effect originates from effective magnetostatic interactions between the crystal magnetic moments in the presence of an external magnetic field [11] . Calculations using a 1D model (not shown here), incorporating the physical magnetic properties of YIG, further support our interpretation of the proximity effect, and yield both I) an exponential decay dependency of the saturation field on the crystal separations; and II) a maximum reduction of 20% in adjacent isolator settings, both in agreement with our experimental observations. 
